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LANDING RADAR INTERFERENCE 

STATEMENT 

.' 

During t h e  Apollo 9 mission,  i n t e r f e r e n c e  i n  t h e  landing-radar sens- 
i n g  system began approximately 30 seconds after t h e  descent engine reached 
f u l l  t h r u s t  and cont inued f o r  t h e  remainder of t h e  6-minute f i r i n g .  These 
n o i s e  b u r s t s  occurred f r equen t ly  during t h e  i n i t i a l  per iod  a t  f u l l  t h r u s t  
b u t  decreased i n  number as t h e  f i r i n g  progressed.  I n t e r f e r e n c e  w a s  a l s o  
noted  when t h e  descent-engine thrust-chamber p lug  w a s  discharged by i n i -  
t i a l  t h r u s t  p re s su re .  

DISCUSSION 

The landing  r ada r  system i n  the  Apollo 9 l u n a r  module w a s  modified 
t o  inco rpora t e  s p e c i a l  ou tputs  t o  t h e  development f l i g h t  ins t rumenta t ion  
as a means of determining whether o r  no t  any i n t e r f e r i n g  s i g n a l s  would 
be p resen t  dur ing  descent  engine t h r u s t i n g .  Evaluat ion of f l i g h t  d a t a  
shows t h a t  i n t e r f e r e n c e  w a s  present  on t h r e e  of  t h e  four  Doppler channels 
dur ing  t h e  t h r u s t i n g  per iod .  The fou r th  channel,  used f o r  a l t i t u d e  d a t a ,  
could  not  i n d i c a t e  i n t e r f e r e n c e ,  even i f  it were p r e s e n t ,  because of fre- 
quency response l i m i t a t i o n s .  In t e r f e rence  i s  def ined as a s i g n a l  of  suf -  
f i c i e n t  s t r e n g t h  and dura t ion  t o  cause lock  up i n  any of t h e  four  Doppler 
frequency t r a c k e r s  i n  t h e  landing  r ada r  e l e c t r o n i c s .  

Figure 1 i s  a t i m e  h i s t o r y  of t h r o t t l e  p o s i t i o n ,  i n t e r f e r e n c e  no i se  
bursts,  and Doppler t r a c k e r  lock-ups. The f requent  occurrence of no i se  
bursts beginning a t  about 30 seconds a f t e r  reaching f u l l  t h r u s t  caused 
t h r e e  of t h e  four  Doppler t r a c k e r s  t o  lock  up, as noted i n  t h e  lower por- 
t i o n  of t h e  figure. The frequency o f  occurrence of t h e s e  no i se  b u r s t s  
decreased sharp ly  a f t e r  about 2 minutes,  wi th  a corresponding decrease i n  
t h e  number of  lock-ups. 

Analysis  has shown t h e  noise  b u r s t s  w e r e  caused by f l a k i n g  of t h e  
aluminized H-film i n s t a l l e d  on the  base hea t  s h i e l d  of t h e  descent  s t a g e .  
The H - f i l m ,  used t o  l i m i t  s o l a r  hea t ing  of  t h e  descent  s t age  during t r a n s -  
l u n a r  c o a s t ,  i s  taped  t o  t h e  base h e a t  s h i e l d  i n  an  overlapping fash ion .  
A t  temperatures  above 800' F,  t h e  t a p e  adhesive degrades and al lows t h e  
s h e e t s  t o  f l a k e  o f f .  A cross-sect ion of t h e  H - f i l m  i n s t a l l a t i o n  and t h e  
a c t u a l  temperatures  experienced a t  fou r  po in t s  are shown i n  f i g u r e  2 .  A 
photograph of t h e  i n s t a l l e d  f i l m  i s  shown i n  figure 3. The f l a k e s  of 
H - f i l m ,  as they  break away and traverse t h e  r ada r  beams, a c t  as s m a l l  re- 
f l e c t o r s .  Thei r  r e l a t i v e  motion t h e r e f o r e  appears  as a v e l o c i t y  t o  t h e  
landing  r ada r  and causes lock-up of t h e  Doppler t r a c k e r s .  



In t e r f e rence  no i se  b u r s t s  were a l s o  noted during t h e  pe r iod  of i n i -  

This p lug  cons i s t ed  o f  f ive  s h e e t s  
t i a l  t h r u s t i n g  from 10 t o  40 percent  which coincided wi th  d ischarge  of 
t h e  descent  engine thrust-chamber plug.  
of aluminized H - f i l m  O . 5 - m i l  t h i c k  and w a s  i n s t a l l e d  (see f i g .  3) t o  l i m i t  
engine i n j e c t o r  h e a t  loss  during t r a n s l u n a r  c o a s t .  A s  shown i n  figure 2 ,  
only one lock-up w a s  experienced from t h e  i n t e r f e r e n c e  produced by t h e  
j e t t i s o n e d  plug.  

CONCLUSIONS 

Pieces  of H - f i l m  from t h e  base  hea t  s h i e l d  and t h e  thrust-chamber 
plug f o r  t h e  descent  engine ac t ed  as r e f l e c t o r s  i n  t h e  landing r a d a r  
beams and caused i n t e r f e r i n g  no i se  b u r s t s  i n  t h e  v e l o c i t y  sens ing  e l ec -  
t r o n i c s .  
i n g  t o  t h e  performance of t h e  landing  radar dur ing  an a c t u a l  descent  t o  
t h e  lunar  sur face .  In t e r f e rence  r e s u l t i n g  from t h e  j e t t i s o n e d  t h r u s t -  
chamber plug is  p r e d i c t a b l e  and of  very b r i e f  du ra t ion  and t h e r e f o r e  not  
considered a problem. 

In t e r f e rence  produced by t h e  hea t - sh i e ld  H - f i l m  would be damag- 

CORREXTIVE ACTION 

A spray coa t ing  of KEZ-F p l a s t i c  was found t o  have acceptab le  s u r f a c e  
and thermal  c h a r a c t e r i s t i c s  a t  t h e  temperatures  involved,  and t h i s  coa t ing  
sublimes ra ther  than  f l a k e s .  Since t h i s  spray coa t ing  o f f e r s  t h e  same 
thermal  p ro tec t ion  t o  t h e  base  h e a t  s h i e l d ,  it has been s u b s t i t u t e d  f o r  
t h e  H - f i l m  on Apollo 11 and subsequent missions.  No c o r r e c t i v e  a c t i o n  
involv ing  t h e  thrust-chamber p lug  i s  r equ i r ed .  
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